Abstract. The logistics and location decisions for a closed-loop logistic system with multiple suppliers, manufactories, distribution centers and customers is considered. Particularly, the demands of customers are uncertainty, and can be described as a scenario set with certain probability. By using the robust optimization method based on scenario analyses approach, a robust logistics and location decisions model is constructed to minimize the total cost of the transportation and the operations by optimally selecting the places of manufactories, distribution centers with the respective operation units. A numerical example is designed to verify the robustness of the proposed model.
Introduction
The concern about environmental protection and also the economic benefits of using returned products has spurred an interest in designing and implementing reverse logistics networks and closed-loop supply chains [1] . The integration of the forward and reverse logistics model is called the closed-loop logistics model (CLL). Few studies have considered this issue. Fleischmann et al. [2] designed a reversed logistics network by considering the forward flow together with the reverse flow which has no capacity limit. Extending Fleischmann et al.'s model, Salema et al. [3] proposed a general model that has been applied to an Iberian company. However, when suspending the logistics between dismantlers and plants, both Fleischmann et al. and Salema et al.'s models did not consider the supplier side and lacked the relations between forward and reverse flows.
Recently, Wang and Hsu [4] investigated the integration of forward and reverse logistics, and proposed a generalized closed-loop model for the logistics planning by formulating a cyclic logistics network problem into an integer linear programming model. However, this model contains only one period and loses sight of the product's lifecycle. By modifying the framework of closed-loop logistic in literature [4] , we design a closed-loop logistic system. In this system, the operation is dynamic and not including dismantlers. Manufacturing and remanufacturing is implemented simultaneously by manufactories. Moreover, the lifecycle of the product is also considered in this system. The structure of this system is shown as Fig.1 . Fig. 1 Particularly, we let customers' demands are uncertainty, and the uncertain demands are described as a scenario set with certain probability. An logistics and location decisions model for this system is established by using robust optimization method based on scenario analyses approach [5] .
Notations and Hypotheses
Subscripts. i supplier (i = 1, 2,..., I); j manufactory (j = 1, 2,..., J); k distribution center (DC) (k = 1, 2,..., K); l customer (l = 1, 2,..., L); t period (t=1,2,…,T).
Parameters (1) The demand of each customer is uncertain, and can be described as a scenario set with certain probability; (2) The flow is only allowed to be transferred between two consecutive stages; (3) The number of facilities that can be opened and their capacities are both limited; (4) The recovery and landfilling rates are given; (5) The time delay for remanufacturing is τ ; (6) Lifecycle of the product is T τ − , the useless probability of the product in lifecycle is p µ ( 1, 2,..., 
The Model
Constraints. The constraints mainly contain two types: one is for limited capacities and the other is for the law of the flow conservation. The specific constraints are listed below.
, , 
Numerical Example
The closed-loop logistic system contains 3 suppliers, 5 manufactories, 3 distribution centers, 4 customers, and 4 periods. There are 4 demand scenarios (s=1,2,3,4) with certain probability. These scenarios and their probabilities are all listed in table 1. In each period, capacities, unit costs of operation and transportation, fixed costs of operation are all identical and listed in table 2 and table 3. (Some data come from literature [4] ). Table 1 Scenarios of demands  Table 2 Capacity and fixed costs (Us$). The time delay for remanufacturing is . We use LINGO9.0 for solving our integer programming model on a PC with Pentium Ⅳ 2.20GHZ.
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When demands are uncertainty, and demand scenarios and their probabilities are list in table 1. The operation strategies in each period are shown in Fig.2 to Fig.5 , the value of objective function is 125273.8. Fig. 2 The optimal operation strategies in period 1 Fig. 3 The optimal operation strategies in period 2 Fig. 4 The optimal operation strategies in period 3 Fig. 5 The optimal operation strategies in period 4
From Fig.2 to Fig.5 , we can see that only four manufactory sites out of five are needed to manufacture and remanufacture in periods 1,2 and 3. With the increase of the amount of returned product from customers, all manufactory are needed in period 4. Thus, the model is able to serve optimal green supply chain management under the uncertain environment from economic viewpoint.
According to the data listed in table 1 to table 3 and others we given above, the cost saving and the difference to uncertain case for different demand scenarios are calculated. The results are shown in table 4. As the results shown, the total cost and penalty of the system with uncertain demands is the largest one among different cases, Compared with the total costs and penalties with certain demands and in scenario 1,2,3 and 4, the total cost and penalty of the system with uncertain demands only increased 4.42%, 5.70%, 3.17%, 2.78% and 4.53% respectively. That is, the optimal cost and penalty Advanced Materials Research Vol. 339of the model under uncertain demands remains 'close' to optimal for any realization of the scenario set. Moreover, the optimal solution of the model is solved according to all demands scenarios, so this optimal solution is conservative for all the scenarios. When one of the scenarios is realized, the optimal decision variables solved by the model we proposed do not necessarily equal to the case when the demands of ultimate products are certain and may possibly inferior to this optimal solution. However, this optimal solution of the model we proposed is one of the feasible solutions when this demands scenario is realized. Therefore, we can conclude that the model we proposed above both solution-robust and model-robust.
Conclusions
Based on the early research results, we design a new closed-loop logistics system. In this system, demands of customers are uncertain, the operation is dynamic and not including dismantlers. Manufacturing and remanufacturing is implemented simultaneously by manufactories. Moreover, the lifecycle of the product is also considered in this system. By using the robust optimization method based on scenario analyses approach, a logistics and location decisions model is constructed to minimize the total cost of the transportation and the operations, and the penalty of unsatisfied demands for customers by optimally selecting the places of manufactories, distribution centers with the respective operation units. A numerical example is designed, and the results shown that the proposed model is able to serve optimal green supply chain management from economic viewpoint. At the same time, the robustness of the model is verified by the results of this numerical example.
